R eopeRation rates after posterior decompression of the lumbar spine approach 15% over 5 years after the index surgery. 13 Given this high incidence of repeat surgery, several studies have sought to characterize the prognostic factors that predict the risk for reoperation. In a prospective study of 203 patients undergoing decompression and posterolateral fusion, Cobo Soriano et al. found that good emotional health predicts improved clinical outcomes, whereas smoking and severe lumbar pain are predictors of poor outcomes.
methods
We retrospectively reviewed the medical records of all patients undergoing first-time, bilateral lumbar laminectomy for degenerative spinal disease from 1990 to 2012 at our institution. Patients undergoing discectomy, hemilaminectomy, laminotomy, and laminoplasty were excluded, as were patients with complete facetectomy, fusion, or both (instrumented or in situ). To maintain the consistency, adequacy, and accuracy of data collection, all charts were reviewed by a single researcher and confirmed by a senior neurosurgeon.
Our study population was limited to patients undergoing a 1-, 2-, or 3-level lumbar laminectomy. A total of 500 patients met our selection criteria. Comorbidities, including coronary artery disease, diabetes mellitus, osteoporosis, obesity, ever smoking (that is, past or present smoking), chronic obstructive pulmonary disease (COPD), hypertension, and depression were obtained from clinical notes. Medical history, including smoking history, was documented on the first visit to the clinic; thus, these potential predictors were passively ascertained. Although we did not establish a minimum smoking threshold, a positive smoking history (past or present) was reported in the medical records when the duration or frequency of smoking was clinically relevant.
For those of the 500 patients who later required a reoperation, we also evaluated their clinical characteristics. Indications for reoperation included wound dehiscence, infection, hematoma, and progression of spinal degeneration. The latter was defined either as progression of the initial spinal disorder or as a spinal disorder at the adjacent segment. The primary end point of the study was to identify predictors of reoperation in patients who had previously undergone a lumbar laminectomy. However, as with all cohort studies, a follow-up bias may lead to underreporting of the true outcome rate (that is, the rate of reoperation). To minimize these errors, patients who did not return for postoperative visits at the clinic were contacted.
The predictors of reoperations were analyzed separately for all-type reoperations, reoperations for progression of degenerative disease, reoperations for nondegenerative conditions, reoperations in patients who had undergone a single-level laminectomy, and reoperations in patients who had undergone a multilevel laminectomy. In considering the number of laminectomy levels (that is, singlelevel versus multilevel), we a priori set the number of spinal levels as an effect measure modifier, rather than as a confounder (that is, as a covariate in regression analysis). By stratifying the outcome, that is, reoperation, according to single-level versus multilevel laminectomy groups, we followed the assumption that the number of spinal levels decompressed modified the association between reoperation and its independent predictors.
Patient demographics are described with summary statistics. Patients not undergoing reoperations (that is, the nonreoperation group) were compared with patients undergoing reoperation (the reoperation group) ( Table 1) . Binary outcomes were compared with a chi-square test. Because of the unequal sample sizes in the nonreoperation and reoperation groups, continuous variables were first compared with a variance ratio test, followed by the appropriate t-test. A binary logistic regression model was fitted to the data to estimate the effect of preoperative predictors on reoperation. The results of simple and multiple logistic regression analyses are reported with odds ratios. When the effect of the outcome was small, an exact logistic regression analysis was used. In the simple logistic regressions, we controlled for the following predictors: age, patient comorbidities (as listed above), and postoperative clinical symptoms (back pain, radiculopathy, lowerextremity sensory deficits, lower-extremity weakness, lower-extremity neurogenic claudication, and bowel/bladder dysfunction) after the index operation. Only predictors that were statistically significant in the simple logistic regression were included in the multiple logistic regression. Statistical significance was set at p ≤ 0.05.
results
We identified 500 patients who underwent first-time lumbar laminectomy at 1, 2, or 3 levels for treatment of degenerative spinal disease at our institution ( Table 1 ). The patients were followed up on average for 46.8 months (the follow-up length ranged from at discharge from the hospital after the index operation to 7.8 years). Among the 500 patients, 7.6% underwent a 1-level laminectomy, 43.6% underwent a 2-level laminectomy, and 48.8% underwent a 3-level laminectomy (Fig. 1) . Within this study cohort, 81 patients (16.2%) underwent a reoperation.
The demographics and other characteristics of the 81 patients who underwent a reoperation were compared with those of the 419 patients in the nonreoperation group (83.8%) ( Table 1 ). The 2 groups did not statistically significantly differ in the sex ratio. The 2 groups also did not differ in the prevalence of many comorbidities, including coronary artery disease, diabetes mellitus, osteoporosis, COPD, hypertension, and depression. However, patients in the reoperation group exhibited a significantly higher prevalence of obesity (p = 0.02) and of past or present smoking (p = 0.002).
Among the 81 reoperations, the most common indication was progression of spinal degeneration (n = 72, 88.9%) ( Table 2) . Of the 500 patients in the study cohort, 2 (0.4%) developed wound dehiscence, 1 (0.2%) of which required surgical closure. Twelve patients (2.4%) developed an infection at the surgical site, 6 of which (1.2%) required surgical debridement. Lastly, 3 patients (0.6%) developed a hematoma, all of which required a surgical evacuation.
A simple logistic regression indicated that both obesity (OR 2.95, p = 0.02) and smoking (OR 2.37, p = 0.002) were statistically significant predictors of reoperation and that older age had a protective effect on reoperation (OR 0.96, p = 0.008). Using multiple logistic regression, we controlled for age, obesity, and smoking and for postoperative weakness in the lower extremities, neurogenic claudication, sensory deficits, and radiculopathy. This analysis indicated smoking as an independent predictor of reoperation (OR 2.15, p = 0.01), along with postoperative weakness in the lower extremities (OR 5.27, p < 0.001), neurogenic claudication (OR 6.04, p < 0.001), and radiculopathy (OR 11.35, p < 0.001) (Fig. 2) .
Over a mean period of 41.4 months, 72 patients underwent reoperation for spinal degeneration. Among these patients, the most common indication for reoperation was disc degeneration and/or spinal stenosis at the index or distal level (73.6%), followed by new or worsening spondylolisthesis (19.4%), spinal cysts (4.2%), and scoliosis (1.4%). In these 72 cases, smoking remained an independent, statistically significant predictor of reoperation (OR 2.06, p = 0.04) in a multiple logistic regression model con- Next, we stratified our data according to the number of lumbar spinal levels decompressed. In the single-level laminectomy group, an exact logistic regression was used to determine the statistically significant predictors of reoperation. We individually tested sex, age, comorbidities (coronary artery disease, diabetes mellitus, osteoporosis, obesity, smoking, COPD, hypertension, and depression), and postoperative symptoms (back pain, radiculopathy, weakness, sensory deficits, and neurogenic claudication) in the simple exact logistic regression. However, only smoking was a statistically significant predictor of reoperation (OR 11.2, p = 0.02) in the single-level laminectomy cohort. After controlling for sex and age in the exact multiple logistic regression, smoking remained a statistically significant predictor of reoperation for patients in the single-level laminectomy group (OR 11.3, p = 0.02) After we controlled for postoperative lower-extremity neurogenic claudication, weakness, and radiculopathy in the multilevel laminectomy group (that is, patients undergoing operations at 2 or 3 spinal levels), smoking remained a significant predictor of reoperation (OR 1.98, p = 0.05). Of note, postoperative radiculopathy of the lower extremities was the strongest predictor of reoperation in the multilevel group (OR 10.7, p < 0.001) (Fig. 4) .
Last, we examined the time to reoperation after a lumbar laminectomy. A Kaplan-Meier analysis of those patients followed up beyond the time of discharge indicated that the proportion of patients requiring reoperation was statistically significantly higher among smokers than among nonsmokers (p = 0.04) (Fig. 5) .
discussion
The deleterious effects of smoking on lumbar fusions have been extensively documented in the literature. 1, 8, 16 In a rabbit model, Silcox et al. found that the detrimental agent in cigarettes was nicotine, which affected instrumented fusion. 20 The effect of high nicotine levels on lumbar arthrodesis leads to instrumentation failure, pseudarthrosis, and adjacent-segment disease. 3 However, the role of smoking on reoperation rates has not been well established in patients undergoing lumbar laminectomy without fusion. In a prospective study of 98 patients undergoing laminectomy for degenerative lumbar stenosis, Foulongne et al. found that high rates of preoperative comorbidity were associated with significantly higher rates of reoperation.
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However, no details of the comorbidities, as calculated by the Charleston score, were provided.
The purpose of the present study was to identify the statistically significant factors that predict reoperation in patients who had undergone a lumbar laminectomy for the first time. We found that, among various patient comorbidities, smoking was the only independent, statistically significant predictor of reoperation after both single-level and multilevel laminectomies (Figs. 2 and 4) . Smoking also predicted an increased risk for reoperation due to progression of spinal degeneration (Fig. 3) .
The causes for the higher reoperation rates among smokers are multifactorial. Smoking alters levels of those cytokines that increase bone metabolism and decrease bone mineral density. 6, 12 In a study comparing smoking and nonsmoking between identical twins, Pocock et al. found that the risk for lumbar spine fractures increased 2-6-fold in those who smoke. 18 Smoking has also been implicated as a potential risk factor for lower back pain, which may make it more likely that a surgeon suggests a reoperation. In a landmark publication in 1983, Frymoyer et al. reported that back pain was positively correlated with both the number of cigarettes per day and the number of smoking years. 7 More recent studies have validated these findings. According to the Swedish Spine Register in 2011, smokers experience a statistically significantly higher prevalence of postoperative back pain at the 2-year follow-up, regardless of whether the patients underwent decompression alone or decompression plus fusion. 19 The study suggests that smoking constricts the blood vessels near the vertebral body endplate, which decreases both nutrient entry into the intervertebral disc space and clearance of harmful toxins. Impairment of these processes leads to increased disc degeneration and early spondylosis, resulting in back pain.
Smoking has also been shown to be associated with degenerative disc disease. Battié et al. compared the MRI scans of the spine in identical twins differing in cigarette smoking. The imaging revealed an 18% greater disc degeneration in the lumbar spine among smokers than among nonsmokers. 2 Similarly, examining disc degeneration in smokers, Nemoto et al. found that smoking causes partially irreversible damage to the anulus fibrosus.
15 Notably, the amount of mucin (proteoglycans) in the anulus fibrosus and nucleus pulposus increased after smoking was stopped.
In the present study, among patients with conditions not due to spinal degeneration (that is, hematoma, wound infection, or wound dehiscence) requiring a reoperation, COPD was the only statistically significant predictor of reoperation in the exact logistic analysis. The association of COPD with increased likelihood of reoperation may be explained by 2 different scenarios. Many individuals who have COPD also have a history of smoking, 9 which has been shown to decrease the revascularization of the surgical site 10 and to increase the risk for formation of an infectious nidus and for poor wound healing. In this scenario, COPD is the mediator in the connection between smoking and reoperation. Alternatively, those who have COPD typically show signs of hypoxia. 17 Studies have repeatedly shown that tissue hypoxia strongly predicts poor wound healing. 10 Therefore, COPD may increase the risk for reoperation independently of smoking.
Although these clinical and pathological effects of smoking and COPD on bone healing are permanent, smoking cessation may decrease the rate of decline in lumbar spine integrity. In a randomized controlled trial of patients undergoing surgery, Møller et al. found that a subcohort assigned to smoking cessation had a decreased risk for postoperative wound-related complications, cardiovascular complications, and secondary surgery.
14 Thus, although surgical outcomes in past or present smokers may be worse than in those who never smoked, the benefits of smoking cessation should still be underscored during surgical consent discussions. To that end, although smoking was an independent risk factor for reoperation, postoperative lower-extremity weakness, neurogenic claudication, and radiculopathy also statistically significantly increased the odds of reoperation (Figs. 2-4) . In fact, postoperative radiculopathy of the lower extremities was consistently the strongest predictor of all-type reoperations in the group undergoing laminectomy at a single level, reoperations for spinal degeneration in the same group, and all-type reoperations in the multilevel laminectomy group. Radiculopathy is a common clinical manifestation of nerve root compression due to spinal stenosis, degenerative disc disease, or focal lesions (including hematoma, abscess, and fluid collection). Thus, radiculopathy may be an important indicator of postoperative disorders at the index or the adjacent spinal level.
limitations
Although the association between smoking and reoperation following a lumbar laminectomy were statistically and clinically significant, retrospective studies have inherent limitations. Our study was limited to information obtained from medical records. Therefore, the data were susceptible to reporting bias, most importantly the reporting of a patient's smoking history by the patient during clinic visits and by the health professional during updating of medical records. Consistent with other cohort studies, we assumed that patients lost to follow-up were exchangeable with those patients who either experienced the outcome measure (reoperation) or were administratively censored at the end of the follow-up period. Furthermore, the variables associated with spinal reoperation are complex and multifactorial. As such, regression models that identify determinants of reoperations are susceptible to residual confounding by unmeasured or unidentified covariates, which may attenuate or strengthen our reported association between smoking and poor surgical outcomes. Last, because of the limited sample size in the singlelevel laminectomy group (n = 38 patients), the association between smoking and reoperation was expressed as a function of an exact logistic regression. Larger sample sizes of patients undergoing single-level laminectomy are required to estimate the effect of limited decompression on the association between smoking and reoperation. Future prospective, controlled trials are required to definitively establish that smokers have an increased risk for reoperation.
conclusions
Of 500 patients undergoing first-time, lumbar laminectomy at 1, 2, or 3 levels for degenerative disease, 81 (16.2%) underwent a reoperation. Among the comorbidities associated with these reoperations, smoking was the only independent, statistically significant predictor for reoperations including single-level and multilevel laminectomies. Smoking was also a statistically significant predictor of reoperation for progression of spinal degeneration. These findings suggest that smokers have worse outcomes after a lumbar laminectomy.
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